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BO PIEU KHIEN TOI UU BEN VNG CHO
HE THONG PIEU KHIEN SO cO TRE !

CHU VAN HY

Abstract. This paper presents a method of designing robust optimal controllers for
digital control systems with control delay. a predictor similar to the Smith one is used. The
robust optimal state feedback control law is obtained by dynamic programming method.
The uncertainty in system parameters is taken care of by an additional term in the Riccati
equation. The case of output feedback controller is also dicussed.

I. MO PAU

Tré diéu khién va bt dinh théng s6 13 nhirng van dé thuwdng xuyén gip phai
trong thyc té. Tré diéu khi€n 7 sinh ra chd yé&u do tré vin chuyén. Hién nay,
ngudi ta thiét ké cac hé thong cé tré dieu khi€n hau hét dua theo hoic phit trién
¥ tudng bd du bdo Smith [1], [2], [3]... Bidng cich ldp thém mé hinh qud trinh
trong vong diéu khi€n, ta tao ra dwoc vecto trang thai hojc diu ra giéng nhw
trong trudmg hop hé thdng khéng tré. Do dé cé thé thiét ké bs dieu khién theo
cédc phuwong phdp théng thudng (cho 7 = 0). Phwong phdp mé rong trang thai
- dva vao dit thém cic bién phu (goi la trang th4i mé rdng) bang gid tri cda
diéu khién trong qua khtr: z,41(k) = u(k+i—-2-L),71=1,2,..., L+1 - chi
c¢6 hiéu quad néu 7 twong d8i nhd, va chi yéu dung trong mé phdng hé théng [4].
Trudng hop phirc tap: khi tré diéu khién 7 khéng chia hét cho chu ky cit miu T
da dwoc nghién ctru trong [4], [5]... o} diy, do dong thoi xét dnh hudng cda bat
dinh théng s6, nén d€ don gidn ta gid thiét: 7 13 bdi nguyén L cda T. Diéu khién
bén virng (Robust Control) xét trudng hop théng s6 cda hé théng bién ddi trong
mét khodng giéi han xung quanh gia tri danh dinh. Trong bai, luat diéu khién
t8i wu bén virng véi phdn hoi trang thai dwgc dan ra nhd phuong phap qui hoach
dong cia Bellman R. B du bédo trang théi duvgc xay dung tir mé hinh qud trinh
véi céc théng s8 danh dinh cé tré M, va khong tré M, - nhu truyén théng, va
thém phin bd sung. Trudong hop luit dieu khién t6i wu bén virng véi phdn hoi
diu ra ciing duoc xét dén.

1Céng trinh nay di dwgc sy hd tro cda Dé tai cdp nha nuéc KH-04-09/05 thudéc Chuong
trinh Tw ddng héa
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II. THANH LAP BAI TOAN

Xét hé théng dieu khi€n s8 tuyén tinh mét diu vio mot diu ra cé tré dieu
khién.

z(k+ 1) = A(q) z(k) + bu(k— L), u(-L)=uv(1 - L)=---=u(-1) =0,

y(k) =cTz(k), (2)

trong d6: z(k) € R™ 1a vecto trang théi, (u(k) 12 didu khién (u(k — L) goi 1a dieu
khién tré), y(k) 12 dau ra. Véc to théng s6 bit dinh ¢ € RP bién ddi trong mien
khép kin bi giéi han 1, tdc déng tuyén tinh vao ma trén déng luc:

Qi:{qERpiaiSQiSbi,aiSOabiZO, izlaza"',p}, (3)

A(q)=A+AA=A+§P:q,'A,'. (4)

1=1

Ta cin tim diéu khién t8i wu u°(k) d€ dwa hé théng tir d6 léch ban diu z(0) trd
veé vi trf cn bdng z(oco) = 0, sao cho cuc ti€u héa ham muc tiéu

J i=sup { kZ_OxT(k) Qu(k) +uT (k) Ru(k)} , (5)

qeN

trong d6 ma tran trong Q = QT >0, R > 0.

III. PHUONG PHAP GIAI

T phuong trih trang thai (1) ta thiy: diéu khién tré u(k — L) tuy da duoc
sinh ra tir chu k¥ cdt mau th& k — L, nhung chi thue s tac dong vao d6i tuong
& chu ky cdt miu thir k - dang xét. nén, c6 thé coi né 14 ham s8 cda bién sb k,
va ki hidu

v(k) = u(k - L). (6)

Phwong trinh (1) dugc chuyén vé dang théng thudng (cho hé khong tré):
z(k+ 1) = A(q) z(k) + bv(k), v(0) =v(1)=---=v(L —1) =0. (7

Trong L chu 1y cit mau diu tién diéu khién u(k) chwa tac dong téi di tuwong
digu khién (dieu khién tré v(k) =0, k =1, 2, ..., L — 1), nén trang théai z(k) bién
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d6i tu do theo qué tinh tir gid tri (0) dén z(LT). Theo (6), ta c6 thé viét ham
muc tiéu (5) nhu sau: «

J=J +Jz, (8)
trong dé:
L—-1
Ji=sup{ Y <)@=k}, ©)
J; = sup { Y 2T (k) Qz(k) +vT (k) Rv(k)} . (10)

9€0 "=

Do dé din dén gidi bai todn tung duong: tim diéu khién tré t5i wu v°(k) d€ dua
hé théng.(7) tir d6 chénh léch z(LT) tré lai vi tri cAn bdng z(co) = 0, sao cho
cuc ti€u héa ham J,. Thuc vay, néu v°(k) cuc ti€u héa J, thi ciing cuc ti€u héa
J vi J; khéng phu thude v(k).

1. Hé théng véi phdn hoi trang thai

Ta c6 thé gidi bai toan t8i wu (7), (10) bing cic phuong phép théng thuong,
vi du phuong phdp qui hoach ddong cia Bellman R. - rit thich hop cho c4dc hé
théng r&i rac. Gid st & chu k¥ cdt mau thi k + 1 ta cé gia tri t8i wu cda J; 12

Jok+1)=zT(k+1)P(k+1)z(k+1), (11)

trong d6 P(k + 1) 1a ma trin déi xtrng xdc dinh duwong. Diéu khién tré t5i wu
v2(k) & chu ky cdt miu th&t k dugc tinh tir phwong trinh hdi qui t8i wu Bellman

J3 (k) = min sup {z7 (k) Q z(k) + vT (k) Rv(k) + J3(k +1)}. (12)
v(k) geq

Thay (7), (11) vao (12) ta cé:
J3 (k) = min sup{z” (k) (Q + A" (¢) P(k + 1) A(q)) =(k)
v(k) geq
+z7 (k) AT (q) P(k + 1) bu(k)
+v” (k) b7 P(k + 1) A(q) z(k)
+vT(k)(R+bTP(k + 1)b) v(k)} . (13)

Tir diéu kién dJJ (k) /dv(k) = 0 ta nhan dwoc

vO(k) = —(R+bTP(k+1)b)" 0T P(k + 1) A(q*) z(k), (14)
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trong d6 ¢* 13 vecto théng s8 bat dinh 1am cho J?(k) dat gi4 tri 16m nhat. Thay
(14) vao (13) ta tinh J9(k), va viét két qud duéi dang twong tu (11):

J2(K) = o7 (K) P(K) =(k) . (15)
Ta tim dwoc cdng thirc cho P(k)

T (k) (k) o(k) = sup{" () [@ + AT(¢") P(k +1) A(g") ~ A7(a") P(k +1)b

(R+bTP(k+1)b)" 0T P(k + 1) A(g*)] =(k) } (16)
Hojc:
P(k) = ATP(k +1)A — ATP(k + 1)b(R + bTP(k + 1)b) "2 6T P(k + 1) A

+Q+U(P(k+1), ¢, . (17)

trong dé:

UP(k+1),q%) = sgg{AAT(q*) S(k+1)A+ ATS(k+1)AA(g*)

‘1 + AAT(q*) S(k + 1)AA(")} (18)
Sk+1)=Pk+1)-Pk+1)bR+b6TP(k+1)b)" bTP(k+1). (19)

Gi4 tri 16n nhat U(P(k + 1), ¢*) dwgc hiéu theo nghia: |

=T (k){AAT (¢*) S(k+1)A + ATS(k + 1)AA(g*) + AAT (¢*)S(k + 1) AA(q*) }z(k)
< T (k) U(P(k +1), ¢°) 2(K), Vg€ 0, Va(k). (20)
C6 thé tinh U(P(k + 1), ¢*) theo phwong phép trong [6]. Ta thdy (17) chinh 1
phuong trinh Riccati r&i rac, bi bién dang do c¢é thém s8 hang U (P(k + 1), ¢*) -
phdn 4nh dnh hudng cda bat dinh théng s6. Cho gia tri Eé’,t ddu P(k + 1) chon

tuy ¥, nghiém cda phwong trinh (17) sé hoi tu téi ma trdn P au mot s8 buéc tinh.
Ta nhin dugc ditu khi€n tré t8i wu ma tran khuyéch dai hdng s8 (14)

w0 (k) = —K z(k) (21)

trong dé:
K =—(R+bTPb)~'0TPAlg"). (22)

Ditu khién t3i wu u°(k) phdi tim sé 13

wO(k) = vo(k + L) = ~Kz(k + L). (23)
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Viéc con lai 13 x4c dinh vecto trang thédi z(k = L) cda hé théong. O day
ta khéng thé tinh z(k + L) tir z(k) do dwgc va céc s6 liéu lwu trir trong b nhé
u(k—1),u(k—2),..., u(k— L) theo phuong trinh (1) nhu trong hé théng vé&i théng
s8 biét chinh xac [5], vi A(g) 12 ma tran khodng. Bing phuong phép 14p mé hinh
ta c6 thé tao ra véc to z(k + L) nhu trang thai cda hé théng dang xét nhung
khéng cé tré 7 = 0). B du bdo gom c6 mé hinh cda qué trinh véi cac thong s6
danh dinh, c6 tré M; va khong tré M.

M : zi(k+1) = Az, (k) +bu(k— L), (24)

M, : zo(k +1) = Azy(k) + bu(k). (25)

Vecto z,(k) duoc tao ra la

zp(k) = z1(k) — z2(k) — z(k) — A[z1(k — 1) — z2(k — 1)]. (26)
Tir (1), (24), (25), 926) ta c6
zp(k +1) = —[A(q) z(k) + bu(k)] . (27)

D4y chfnh 1a vecto trang théi cia hé théng khong tré & thoi di€m cit miu thi
k +1 véi ddu nguoc lai. Suy ra: z,(k) = —=z(k + L). Ta cé thé chon gia tri
bdt ddu cho cic phuong trinh (24), (25), (26) nhu sau: z,(—1) = z5(—1) = 0,
£1(0) = z2(0). Néu tré diéu khién 7 twong déi 16n so véi chu ky cdt mau T, nén
thue hién cdc mé hinh M;, M, bing phin cirng.

2. Hé thdng v&i phdn hoi dau ra

Bai toan diéu khién t8i wu (7), (10) theo phén hoi dau ra dwoc gidi trong [6].
Ta c6 ‘
u’(k) =k + L) = K y(k + L), (28)

trong d6 khuéch dai K dwoc tinh tir hé phuong trinh:
P=(A+bKcT)TP(A+bKcT)+Q +cKTRKT +U(P, K),  (29)

L=(A+bKeT)L(A+bKcT)T + z(LT) =T (LT) + V(L, K), (30)
K= (R+bTPb)~  [bTPALc +W(P, L)) (cTLc)™ !, (31)
véi | .
U(P, K) =sup {2(A +bKcT)T PAA+ AAT PAA}, (32)
qeN
V(L, K) =sup {2(A +bKcT) LAAT + AALAATY, (33)
q€N
W (P, L) = sup {bT P AALc} . (34)

(S
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Gi4 tri ddu ra y(k + L) c6 thé tinh nhd b dy bio:

yp(k) = y1(k) — ya2(k) — y(k) — CAlza(k — 1) — zo(k - 1)], (35)
trong dé:
v1(k) = cT z1(k), va(k) =T z4(k), (36)

z1(k — 1), z1(k) va z2(k — 1), z2(k) la c4c trang thai cda md hinh M; vd My &
trén.

T (35) ta thiy: so véi bd du bdo dau ra truyén théng, & diy cé thém sé
hang CA[z,(k — 1) — z2(k — 1)]. "

IV. KET LUAN

Ta thdy: ngoai cdc mé hinh M;, M, nhu truyén théng, b du bdo trang théi
cdn cé thém bd nhan d& tinh Alz;(k — 1) — z2(k — 1)]. O b du bo diu ra ciing
c6 nhfr\ﬁg stra d3i twng tuw. Anh huéng cda bit dinh théng s6 dugc phdn dnh
bdng s8 hang U(P(k + 1), ¢*) trong phwong trinh Riccati bién dang (17), hogc
U(P, K), V(L, K) trong cac phuong trinh Liapunov bién dang (29), (30). So véi
phuong phdp mé rong trang théi, vu di€m & diy 1a: cac phwong trinh ma tran
(17), (29), (30) chi c6 s6 chiéu nhu truong hop hé théng khéong tré. Phuong phép -
trén day cé thé 4p dung cho céc trudmg hop: tré ¢6 dang tong quat 7 = LT + 6,
0 <6 < T, hojc bat dinh xuit hién trong cd vecto dau bao b.
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